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1. Introduction
Various industrial processes are the main sources of
volatile organic compounds (VOCs) that contribute to air
pollution issues.1–3 VOCs are critical toxic substances that
may cause harmful effects on human health when are
emitted into the environment.4 Additionally, they have ad-
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A great number of pollution problems come as a result of the emission of Volatile Organic Compounds (VOCs) into the
environment and their control becomes a serious challenge for the global chemical industry. Adsorption is a widely used
technique for the removal of VOCs due to its high efficiency, low cost, and convenient operation. In this study, the fea-
sibility to use a locally available clay, as adsorbent material to control VOCs emissions is evaluated. Natural clay is cha-
racterised by different physical-chemical methods and adsorptive interaction features between VOCs and natural clay
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of VOCs. Adsorption isotherms onto natural clay and faujasite-Y type zeolite (Fau Y) are obtained at room temperature.
According to Langmuir model data, maximum adsorption capacities (qm) of Fez natural clay and zeolite toward metha-
nol (M), toluene (T) and benzaldehyde (B) at 300 K are 8, 0.89 and 3.1 mmol g–1, and 15, 1.91 and 13.9 mmol g–1 res-
pectively. In addition, the effect of temperature on the adsorption of toluene onto natural clay is evaluated in the range
from 300 to 323K. An increase on temperature reduces the adsorption capacity of natural clay toward toluene, indica-
ting that an exothermic physical adsorption process takes place. The enthalpy of adsorption of toluene onto Fez natural
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verse environmental effects on vegetation and various
kinds of materials.5 Toluene, methanol, xylene, acetal-
dehyde and benzaldehyde are the most commonly used
aromatic solvents in a great variety of industrial applica-
tions. 
In USA, approximately 12.3 × 103 kilotons of 
VOCs are released into the atmosphere from industrials
and humans sources.6 It is noted that 40% of the VOCs
emissions are released from transportation activities and
the remaining 60% results from stationary sources; being
equally divided between fuel combustion, industrial ma-
nufacturing and solvent emissions. However, in case of
Europe, the total VOC emissions are about 9.4 × 109 kilo-
tons in 2006.7 VOC emissions are decreased by 44% in
Europe since 1990. The European Commission sets an
emission limit value (ELV) of 20 mg of VOCs/Nm3 in a
stream discharged into the atmosphere.8
The reduction of VOCs from gas waste streams to
acceptable levels is a serious challenge for the global che-
mical industry. There are several available techniques for
VOCs control.9–14 Adsorption is the most preferred met-
hod for the removal of VOCs from polluted air. Moreover,
adsorption is a very effective treatment method to use at
low concentration levels of VOCs.15–16 Activated carbons
and zeolites have been widely used as adsorbents in many
environmental applications.17–23 On one hand, the use of
activated carbons as adsorbents is limited by their high
costs of manufacturing, pore blocking, flammability risk
and other problems associated to their regeneration.24 On
the other hand, synthetic zeolites are regarded as effecti-
ves but expensive adsorbents (10 times more than activa-
ted carbons) and in some cases sensitive to the presence of
humidity.25 In this perspective, different alternative adsor-
bents are desirable to overcome these kinds of prob-
lems.26–28 In this context, natural clays appear as interest
natural adsorbents to clean polluted air, since their appli-
cation could result in a cost-effective process for VOCs re-
moval. Natural clays are quite abundant and their low
costs are likely to become strong adsorbent candidates for
the removal of VOCs from air. However, most of the stu-
dies of the use of natural clays are devoted to the adsorp-
tion of heavy metals or organic molecules from wastewa-
ter.29–30 Very few studies are focused on the removal of
VOCs from waste gaseous streams.31–35
The study presented here aims to evaluate the feasi-
bility to use locally available clay normally used in the
ceramic industry, as adsorptive material for the elimina-
tion of VOCs from waste gaseous streams. In particular,
clay adsorption capacity toward different target VOCs are
evaluated. Additionally, adsorption capacity of natural
clay is compared to a commercial zeolite (Faujasite Y).
Moreover, the influence of surface properties such as sur-
face area and porosity on the adsorption capacity is dis-
cussed.
2. Material and Methods
2. 1. Materials
Natural clay was obtained from deposits located in
the vicinity of Fez city, Morocco (denoted here as FS) and
was used without any previous activation. It was sieved
into a range of 0.08–0.5 mm and washed with deionised
water and then dried in air at 383 K for 24 h and stored in
a dessicator until further use. A commercial dealuminated
faujasite Y zeolite (Fau Y) was supplied by TOSOH Cor-
poration (360HUD3C) (Tokyo, Japan) in the form of pel-
lets (5 mm length × 3 mm diameter). Natural clay and Fau
Y zeolite were dried in air at 383 K for 24 h and stored in
a dessicator until further use. Physical and chemical surfa-
ce properties of natural clay and Fau Y zeolite are listed in
Table 1.
Methanol (M), benzaldehyde (B) and toluene (T) are
used in this study as target VOCs, representatives of fami-
lies of alcohols, aldehydes and aromatic organic com-
pounds, respectively. They were supplied in liquid phase
by Sigma-Aldrich (Sigma-Aldrich Chimie S.a.r.l., Lyon,
France), all of them with a purity > 99%.
Table 1. Physical–chemical properties of FS natural clay and Fau Y zeolite
Property FS natural clay Faujasite Y zeolite
Origin Fez area (Morocco) Tosoh Corp. 360HUD3C (Japan)
Geometry Granule (D = 0.08–0.5 mm) Pellet (L = 5 mm, D = 3mm)*
Crystalline framework – α-cages
Pore diameters (Å) 8 7.4 (aperture) – 13 (cage Ø)
SiO2/Al2O3 (mol mol
-1) 5.71 13.7
Clay binder content (m %) – 25%
Total pore volume VT (cm
3 g–1) 0.03 0.4
Specific surface area SBET (m
2 g–1) 29 550
Apparent density (g dm–3) 700 460 
Material colour Grey White
Dominant clay mineral Kaolinite –
* D: diameter, L: lenght
2. 2. Characterisation of Clay Sample
The surface area and pore volume of the FS natural
clay were measured by Micromeritics ASAP 2010 instru-
ment using nitrogen adsorption at 77 K after out degas-
sing the clay natural at 383K for 6 hours in a vacuum of
<10–3 Pa to remove all physically adsorbed water molecu-
les and small organic impurities. The percentages of sand,
silt and clay in the FS clay sample were measured on bulk
sediment, using a laser diffraction particle analyser. Sam-
ples were dispersed in 100 cm3 of deionised water and di-
saggregated under stirring using ultrasonic waves output
of 1000 kW, and a vibration giving time of 10 min.36 
Mineralogical composition of natural clay was de-
termined by powder X-ray diffraction analysis (XRD) us-
ing X’Pert PRO Philips diffractometer (Philips Japan, Ltd,
Japan), equipped with CuKá radiation (λ= 1.5406 Å) at 40
kV and 40 mA. Runs were carried out using a step width
of 0.03° 2θ, registering every 1 s per step over the range 2
< θ < 70°. Different phases were identified using database
of the International Centre for Diffraction Data (ICDD).
Elemental composition of the clay sample was identified
by X-ray fluorescence (XRF) using a Bruker S4 Pioneer
spectrometer. Particle size distribution was determined us-
ing a laser diffraction particle analyser. Total organic mat-
ter content was quantified by measurements of loss on ig-
nition. Atterberg limit of raw clay was also established.
Scanning electron microscopy assays (SEM) were
conducted with a QUANTA-200 scanning electron mi-
croscope (Philips). Accelerating voltages were measured
between 1 and 30 kV with increments of 1kV. Scanning
electron microscope provides a surface image with a reso-
lution of a few tens of nm. This technique gives informa-
tion about solid surface morphology (size, shape and pore
distribution). 
Thermogravimetric analyses (TGA) were carried
out in a thermobalance apparatus (Seteram TGA-92). FS
natural clay sample (0.0165 g), was heated up to 1273 K
(heating rate of 10 K min–1) under air flow (30 cm3 min–1)
and the change in sample weight in relation to change in
temperature was registered (TG curve). FTIR spectra we-
re measured by the VERTEX70 spectrometer in the range
4000 to 400 cm–1 with a resolution of 4 cm–1 in order to
investigate the surface characteristics of FS natural clay. 
2. 3. Adsorption Isotherms
VOCs adsorption isotherms were performed using
the bottle point method, as described elsewhere.37 Figure
1 shows a schematic representation of the experimental
system used to determine the adsorption performance.
Adsorbent samples (FS natural clay or Fau Y zeolite)
were introduced into the angled tube (0.5 g) of the batch
glass contactor (1.1 dm3). Then, a known volume of li-
quid VOC was injected through a septum into each ad-
sorption chamber at 300 K and 101 kPa, leading to a de-
sired initial VOC concentration after its complete evapo-
ration. The effect of temperature on adsorption of VOC
was studied at three temperatures (300, 313 and 323K).
Adsorption chambers were stirred until equilibrium was
reached (ca. 2 h). 
Figure 1. Experimental device for adsorption isotherm determina-
tion: (1) valve for gas sampling, (2) liquid injection septum, (3) an-
gled tube containing the adsorbent, (4) bottle contactor, (5) thermo-
static bath and (6) stirring system. 
Finally, gas samples were taken from each bottle
and analysed by gas chromatography (Varian CP-3800
GC, Varian Inc., USA). The total amount of adsorbed
VOC per gram of adsorbent at equilibrium, qe (mol kg
–1),
was calculated from a mass balance in each isotherm
batch adsorption chamber, as follows:
qe = V (C0 – Ce)/m (1)
where C0 and Ce (mol m
–3) are gas phase concentration of
the selected VOCs at the beginning and at equilibrium,
respectively. m (g) is the mass of adsorbent sample used in
each batch adsorption chamber, and V (1.1 × 10–3 m3)
stands for the total volume of the adsorption chamber. 
3. Results and discussion
3. 1. Characterisation of Clay Sample
Fig. 2 and Table 2 summarise the textural proper-
ties of the sample measured by the physical adsorption
of N2 at 77K. The FS natural clay shown type IV isot-
herm according to the IUPAC classification. The initial
part of the Type IV isotherm (P/P0<0.4), corresponding
to the monolayer region, was scarcely visible, which
could be ascribed to physical adsorption at the surface of
the adsorbent. In a high relative pressure range, the isot-
herm show a clear hysteresis loop associated with capil-
lary condensation taking place in mesopores structu-
res,32 formed between the elementary clay particles na-
med tactoids.
As shown in Table 2, BET surface area of the FS
clay is 29 m2/g with an average pore diameter ranging
from 2.1 nm.
nite (25%), illite (20%), chlorite (10%) and inter-stratified
minerals (10%). 
XRF results (see Table 3) indicate that FS natural
clay is mainly composed of SiO2, Al2O3 CaO, and Fe2O3;
with a SiO2/Al2O3 of 3.4 and trace amount of other oxides
such as MgO, K2O, Na2O, P2O5, TiO2. Fau zeolite is com-
posed of SiO2 and Al2O3 followed by K2O, Fe2O3, MgO
and Na2O, with a SiO2/Al2O3 of 1.8.
Table 3. Chemical composition of raw FS natural clay and Fau Y
zeolite (m%) determined by XRF. 
FS natural clay Fau Y
SiO2 41.28 28.0
Al2O3 12.29 16.0
Fe2O3 4.13 1.0
MgO 2.80 0.6
K2O 1.74 5.6
CaO 14.23 –
Na2O 1.03 0.45
TiO2 0.63 –
P2O5 0.64 –
LOI* 21.23 –
* L.O.I: loss on ignition.
Figure 2. N2 isotherm of FS clay
Figure 3. X-ray diffraction of FS natural clay (Q: Quartz, C: Calcite)
Table 2: Textural parameters of FS natural clay
Parameter Calculated value
SBET (m
2 g–1) 29
Vat (cm
3 g–1) 0.030
Vbmeso (cm
3 g–1) 0.025
Scext (m
2 g–1) 20
Sdmic equi (m
2 g–1) 9
Vemic (cm
3 g–1) 0.005
Dfp (nm) 2.1
a Total pore volume, b Mesoporous volume, c External specific sur-
face, d Specific micropore surface area, e Microporous volume, f po-
re diameter
Particle size distribution analysis shows that FS na-
tural clay is a smooth solid material composed by 1 % of
sand (>80 μm), 49% of silt (ranged 2–80 μm) and 50% of
clay (< 2 μm). A high clay content is normally related to
material plasticity; however organic matter content and
other parameters are also involved. A more detailed eva-
luation of clay plasticity was conducted using the Atter-
berg Limits.38,39 Results evidence a liquid limit (LL) of
56%, a plastic limit (PL) of 20%, and a plasticity index
(PI) of 36%. Additionally, chemical analysis shows that
FS contains 14.29 % of carbonates (expressed as CaCO3)
and only a 3% of organic matter. 
Fig. 3 shows the mineralogical composition of FS
natural clay. Results reveal a complex heterogeneous
structure of FS natural clay, corresponding to quartz (Q)
and calcite (C). Semi-quantitative analyses indicate that
natural clay is mainly composed by smectite (35%), kaoli-
Fig. 4 displays SEM images of FS natural clay and
Fau Y zeolite. Micrographics show an overall homoge-
neity of texture and regular shapes with high particle den-
sification. 
On one hand, FS natural clay presents a regular po-
rous structure (see Fig. 4-A1 and 4-A2), without the pre-
sence of cracks or holes. However, some quartz grains are
presented (≤10 μm). Inter-particle/agglomerate void spa-
ces are also displayed that could contribute to natural clay
porosity. On the other hand, in the Fau Y zeolite image
(see Fig. 4-B1 and 4-B2) crystal shapes can be visualised.
Coarse particles are also observed in Fau Y zeolite, with
the presence of void spaces that could contribute to the
porosity of Fau Y zeolite.
Fig. 5 illustrates the results of thermogravimetric
analyses (TGA) conducted on FS natural clay sample.
TG curve shows the change in sample weight, and DTG
curve displays derivative weight loss, as a function of
temperature. FS sample has a total weight loss about
21.24% between 373 and 1273 K. The first registered
weight loss (until 273 K) corresponds to the desorption of
undissociated water. The second loss of weight occurs at
852K and could correspond to water removal from the
clay mineral composition.40 The weight loss that takes
place at 1136 K could be related to calcite CaCO3 decom-
position.41
Infrared spectrum of FS natural clay is shown in
Fig. 6 and indicates the presence of absorption bands cor-
responding to Si–O, Al–O, Mg-O, Fe-O and Ca–O vibra-
tions (3622, 3399, 1635, 1421, 996, 872, 727, 530, and
Figure 5. Thermogravimetric analysis (TGA) of FS natural clay Figure 6. Infrared spectra of FS natural clay
Figure 4. SEM pictures of the FS natural clay (A1-A2) and Fau Y zeolite (B1-B2).
450 cm–1, respectively). The presence of calcium could
be associated with carbonates species (stretching bands
near 1421 and 872 cm–1)42,43 which are apparently related
with the existence of calcite, in agreement with those re-
sults obtained by XRD and thermogravimetric analysis.
Stretching vibrations of the surface hydroxyl groups
(Si–Si–OH, or Al–Al–OH coupled by A1MgOH) are
found at 3622 cm–1. Vibrations at 1635 cm–1 is attributab-
le to the bending of adsorbed water between the layers.
Moreover, absorption bands at 996, 530 and 450 cm–1
could arise due to stretching and bending vibrations of
SiO4
2– tetrahedral.44 In the low frequency range
(1200–650 cm–1), maximum absorption of silicate mine-
rals was observed at 996 cm–1 while bands at 530 and 450
cm–1 could be to Al–O–Si and Si–O–Si bending vibra-
tions, respectively. 
3. 2. Adsorption Capacities of FS Natural
Clay and Fau Y Zeolite Towards VOCs
Fig. 7 displays adsorption equilibrium data of selec-
ted VOCs (benzaldehyde, methanol, and toluene) at 300 K
onto FS natural clay and Fau Y zeolite samples, after the
outgassing step at 383 K for 24 h. Adsorption equilibrium
data are reported as mol of adsorbed VOC per mass of so-
lid (moladsorbed VOCg solid–1). Experimental adsorption data
fit to Langmuir adsorption isotherm model very well.45
(2)
where qe is the amount of adsorbed VOC (benzaldehyde,
methanol, or toluene) on the natural clay FS or Fau Y zeo-
lite at equilibrium [mol g–1], CVOC is the concentration of
Figure. 7. Comparison of adsorption capacities toward different VOCs (benzaldehyde, methanol, and toluene) of () FS natural clay and () Fau
Y zeolite, (–) represents the fit to Langmuir adsorption model. 
the selected VOC (benzaldehyde, methanol, or toluene) at
the equilibrium (mol m–3), qm is the maximum adsorption
capacity [mol g–1], and K is the adsorption equilibrium
constant or Langmuir constant [m3 mol–1]. Langmuir
sorption model has been applied to VOC adsorption on
synthetic zeolites.37,46
The maximum adsorption capacity, qm, and the ad-
sorption equilibrium constant, K, are determined from the
intercept and the slope of the linearised form of Langmuir
plot. The values of different parameters of the Langmuir
adsorption model at 300 K together with the correlation
factor, R2, for the selected VOC on natural clay and Fauja-
site Y zeolite samples are summarised in Table 4. Additio-
nally, the maximum adsorption capacity is also expressed
in mmol m–2, corresponding to monolayer coverage and it
is here defined as St.
As it can be seen in Fig. 7 and as expected, the
adsorption capacities of FS natural clay and Fau Y zeolite,
increase as the concentration of VOCs increases.44
Results indicate that FS natural clay has lower upta-
ke capacity toward all VOCs assessed here. The greatest
adsorption capacity of Fau Y zeolite could be due to its
large specific surface area (SBET) and total pore volume. 
Results listed in Table 4 shows that FS natural clay
has higher adsorption affinity toward aliphatic hydrocar-
bons (methanol 8 mmol g–1) than for aromatic compounds
Table 4. Adsorption equilibrium constants of adsorbed VOCs onto FS natural clay and Fau Y zeolite obtained by the Langmuir
adsorption model at 300K.
Langmuir
VOCs Sample qm St K R2[mmol g–1] [mmol m–2] [m3 mol–1]
Methanol FS natural clay 8 0.276 0.852 0.99
Fau Y zeolite 15 0.027 0.811 0.98
Toluene FS natural clay 0.89 0.031 0.889 0.98
Fau Y zeolite 1.91 0.003 1.456 0.97
Benzaldehyde FS natural clay 3.1 0.107 0.450 0.97
Fau Y zeolite 13.9 0.025 0.604 0.95
Table 5. Comparison of adsorption capacities toward benzaldehyde (B), methanol (M), or toluene (T) of FS natural clay and some other adsorbents
reported in the literature.
Adsorbent VOCs
Temperature Adsorption capacity
References(K) (mmol/g)
FS natural clay T 300 0.89 Present work
Fau Y T 300 1.99 Present work
ZSM-5 T 300 0.93 46
MS13X T 300 3.7 49
MOF-177 T 298 6.35 20
NaY T 300 1.36
ZnY T 300 1.25
56NiY T 300 3.59
AgY T 300 3.65
ZSM-5 sorbents T 299 1.55–1.57 57
HMOR T 298 2–3 49
Raw clay T 298 0.016 34
DDMA–clay T 298 0.02 34
porous clay heterostructures (PCH) T 298 1.53 35
FS natural clay M 300 8 Present work
SAPO-34 M 300 15 58
ZSM-5 sorbents (HZSM M 299 0.83–1.1 57
or NaZSM-5/180)
Faujasite StY2-L M 299 2.21 57
Faujasite SiCl4Y2-L M 299 1.57 57
HMOR M 299 3.08 57
MCM-41 M 299 11–21 59
Zeolite (HY901, MS13X) M 298 10–12 49
Activated carbon B 303 0.79 60
(toluene 0.91 mmol g–1). These results could be attributed
to the pore size of the FS natural clay in relation to the ki-
netic diameters of the VOCs (4 Å for methanol and 5.8 Å
for toluene). 
Maximum adsorption capacities of FS natural clay,
qm, at 300 K led to the following adsorption order: metha-
nol (8 mmol g–1)> benzaldehyde (3.1 mmol g–1) > toluene
(0.89 mmol g–1). Fau Y zeolite shows the highest affinity
toward methanol adsorption (15 mmol g–1) followed by
benzaldehyde (13.9 mmol g–1) and toluene (1.91 mmol
g–1). These results are in agreement with those obtained
by SEM analysis where Fau Y zeolite shows a higher de-
veloped microporous structure, than FS natural clay (see
Fig. 4). 
Non-aromatic molecule such as methanol with small
kinetic diameter16 around 4 Å can be easily adsorbed into
the FS natural clay; whereas aromatic molecules (toluene
and benzaldehyde) with relatively larger kinetic diameters
in the range of 5.8–6.8 Å have difficulty being adsorbed
due to their larger sizes.47–49 For Fau Y zeolite, with a me-
soporous structure, largest molecules (benzaldehyde and
toluene) can easily be adsorbed.50,51 In addition, Si/Al ra-
tio is another important parameter that affects adsorption
capacity of adsorbents.52,53 Fau Y zeolite has higher Si/Al
ratio than FS natural clay. This parameter may also ex-
plain the higher adsorption capacity of Fau Y zeolite as
compared to FS natural clay. Munthali et al. 54 has repor-
ted that zeolites with higher negative charge density had
greater selectivity for H+. On the other hand, the degree of
hydrophobicity is normally dependent on the Si/Al ratio.55
Fau Y zeolite with high specific surface area (SBET) ma-
king zeolite as an effective sorbent for pollution control
purposes, especially for the removal of VOCs from waste
gas streams. 
As a way of comparison, Table 5 lists the amount of
adsorbed VOCs (benzaldehyde, methanol, or toluene) at
the equilibrium onto FS natural clay (present work) and
from literature references using different adsorbents under
similar conditions. As it can be seen, adsorption capacities
of natural clay toward benzaldehyde, methanol, and tolue-
ne are of the same order of those observed values using ot-
her porous adsorbents such as zeolites. 
For possible industrial use of clay in the elimination
of VOCs into the air, future work will focus on adsorption
experiments in dynamical mode must be carried out simi-
lar to the work of Likozar. et al and Zaitan et al. 61– 62; 32
3. 3. Effect of Temperature
As a way of illustration, Fig. 8 shows the effect of
temperature on the adsorption of toluene onto FS natural
clay. As it can be seen the adsorption capacity of FS natu-
ral clay toward toluene progressively decreases when tem-
perature raises from 300 to 323K. At a concentration of
toluene of 0.51 mol m–3, toluene adsorption is reduced
around a 40% with the increase on temperature from 300
to 323K, suggesting that the adsorption of VOCs onto FS
natural clay is an exothermic process. Similarly, Mogha-
dam et al.56 have observed that toluene adsorption onto
Glycyrrhiza glabra root is reduced with the increase of
temperature.
Adsorption enthalpy is estimated using Van’t Hoff
method, relating the changes in the adsorption equili-
brium constant, K, with the change in temperature, T, as
described by equation (3): 
(3)
where ΔH is the adsorption enthalpy (kJ mol–1), ΔS is the
entropy change (kJ mol–1K–1), T is the absolute temperatu-
re (K) and R is the gas constant (0.008314 kJ mol–1K–1).
Thus, ΔH is estimated from the slope of the linear van’t
Hoff plot.
The obtained negative value of ΔH (–54 kJ mol–1)
confirms the exothermic nature of toluene adsorption onto
FS natural clay. Generally, physisorption has characteri-
stic values between –20 and –60 kJ mol–1; whereas chemi-
sorption has a range of –80 to –400 kJ mol–1.63 It should
be noticed that the adsorption enthalpy value obtained he-
re is 1.38 times the value of toluene evaporation heat (39.2
kJ mol–1).64 It could be concluded that toluene adsorption
on FS clay is mainly a physical process. In fact, the low
heat of adsorption may be considered as advantage in a
procedure that includes a desorption/regeneration step of
the adsorbent and VOC recovery.
3. 4. Analysis of Adsorbent Costs
In this section a preliminary analysis of operating
cost related to the use of FS natural clay and Fau Y zeolite
for the removal of VOCs is conducted. As it can be seen in
Figure. 8. Effect of temperature on the adsorption capacity of FS
natural clay toward toluene.
Table 4, the maximum adsorption capacity of Fau Y zeoli-
te at 300 K, is almost 2 to 4 times higher than the values of
FS natural clay. This means that FS natural clay in order
to have an equivalent adsorption capacity to Fau Y zeolite,
it is necessary to use a mass of FS natural clay 2–4.5 times
higher than that required mass of Fau Y zeolite. 
If it is considered an estimated average price of FS
natural clay to be around US$ 0.02 kg–1, it will yield an
additional advantage in terms of operating cost, being 500
times lower than those values obtained when Fau Y zeoli-
te is used (US$ 10 kg–1). Nevertheless, comparing the cost
per solid surface area (US$/m2 ), values of 1.81× 10–5 and
6.9 × 10–7 US$/m2 are obtained for Fau Y zeolite and FS
clay, respectively; which is 26 times in favour of natural
clay. Thus, given the fact of abundance and low cost, natu-
ral clay is likely to become a strong adsorbent candidate
for VOC removal.
4 Conclusions 
In this work clay natural was evaluated with regards
to their possible use in removal of VOCs from waste gas.
Adsorption capacity results of FS natural clay toward met-
hanol, toluene and benzaldehyde as representatives VOCs
suggest that FS natural clay could be applicable for
controlling the emissions of VOCs. Although, commercial
Fau Y zeolite shows a higher adsorption capacity for all
the VOCs used in this study, FS natural clay is more abun-
dant and its low acquisition cost makes it an efficient and
economic natural adsorbent for the removal of VOCs from
contaminated gaseous streams. Hence, natural clay used
in this study has good possibilities to be applied as adsor-
bent of VOCs regarding its performances and lower cost.
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Povzetek
[tevilni problemi onesna`evanja okolja nastanejo zaradi emisije topnih organskih snovi (VOC) in posledi~no zato po-
staja njihova kontrola resen izziv za kemijsko industrijo. Zaradi nekaterih prednosti je adsorpcija pogosto uporabljena
tehnika za odstranjevanje VOC. V predstavljenih raziskavah so bile z razli~nimi fizikalno kemijskimi metodami do-
lo~ene karakteristike lokalno dostopne gline kot adsorbenta in prou~ena adsorpcija toluena, metanola in benzaldehida.
Adsorpcijske izoterme so bile dobljene pri sobni temperaturi, podatki pa obdelani z Langmuirjevim modelom, ki omo-
go~a dolo~itev maksimalne adsorpcijske kapacitete (qm). Dvig temperature od 300 K na 323 K zni`a adsorpcijsko ka-
paciteto toluena na glini. Dolo~ena je bila tudi adsorpcijska entalpija toluena na glini, ki zna{a –54 kJ mol–1. Primerja-
va z zeolitom Fau Y kot komercialnim adsorbentom ka`e, da ima ta sicer vi{je adsorpcijeka kapacitete, je pa zato pre-
cej dra`ji: cena za kilogram je 10 USD, za glino pa 0.02 USD. Tako lahko glina slu`i kot alternativni adsorbent z niz-
ko ceno. 
